This study examined age differences in performance of a complex information search and retrieval task by using a simulated real-world task typical of those performed by customer service representatives. The study also investigated the influence of task experience and the relationships between cognitive abilities and task performance. One hundred seventeen participants from 3 age groups, younger (20-39 years), middle-aged (40-59 years), and older (60-75 years), performed the task for 3 days. Significant age differences were found for all measures of task performance with the exception of navigational efficiency and number of problems correctly navigated per attempt. There were also effects of task experience. The findings also indicated significant direct and indirect relations between component cognitive abilities and task performance.
ample of this type of job is a customer service representative who must interact with technology to navigate complex databases to respond to queries from customers. Customer service representatives are common within many industries such as health insurance, retail, travel, communications, and manufacturing. Currently, more than 3.3 million workers in the United States are customer service representatives (Communications Workers of America, 2000) .
Generally, computer-based information seeking requires general cognitive abilities and specialized knowledge and skills. The cognitive ability requirements include memory, reasoning, information integration, and attention. Specialized knowledge and skills relate to the problem domain, the search system, and the information-seeking process (Marchionini, 1995) . Individuals must have knowledge of the topic area, a basic understanding of the physical interface to the search system, and understand how the databases are organized and documents are structured. Individuals must also have expertise in information seeking that involves understanding the problem domain and the information sources and then using various cognitive skills to negotiate these information sources to fulfill the problem requirements (e.g., Greene, Gomez, & Devlin, 1986; Vicente, Hayes, & Williges, 1987) .
Given the prevalence of computer-based information seeking in both home and work settings, a relevant question is to what degree age-related changes in component abilities influence the ability of older people to perform these types of tasks. Theorists (e.g., Marsiske & Willis, 1998; Schaie & Willis 1993; Willis & Schaie, 1986) who view competence in everyday activities as a manifestation of underlying basic abilities would predict that to the extent that a task relies on abilities for which there are age-related declines, older people would perform at lower levels than younger people. Given that cognitive abilities such as memory and reason-ing, which are important to the performance of online information seeking, decline with age (Park, 1999) , one would expect age differences in the performance of on-line information-seeking tasks.
Theorists (e.g., Salthouse, 1990 ) who view competence as involving complex domain-specific knowledge predict that as people age they develop extensive domain-specific knowledge for familiar tasks, and thus are able to draw on this knowledge and decrease their reliance on basic abilities. To the extent that older people are familiar with the problem domain, age differences in performance should diminish. Generally, older people are less likely to have experience with computer technology than are younger people (Czaja & Sharit, 1998a) and are less likely to have acquired the special knowledge and skills that are required for interacting with current electronic search systems (Morrell, 1999) . Consequently, the potential of older people to draw on procedural domainspecific knowledge to compensate for declines in basic abilities is also limited. This would also support the hypothesis that older people would perform less well on these types of tasks than would younger people.
Although the area of information search has received considerable attention within the human-computer interaction literature, the available data on this issue for older populations are limited. Generally, the data that are available suggest that older people may have more difficulty than younger people using computer technology to perform information search and retrieval tasks. In a study that examined the effects of age and type of training in searching the Web, older participants were found to use less efficient search strategies than the younger participants (Mead, Spaulding, Sit, Meyer, & Walker, 1997) . This finding was attributed to the difficulty the older adults had in remembering previously followed links and information on previously viewed pages.
Rousseau, Jamieson, Rogers, Mead, and Sit (1998) also found older adults to have more difficulty than younger people searching on-line library databases. These results are consistent with findings from Vicente and Williges (1988) and Seagull and Walker (1992) who found age to be a significant predictor of efficiency in retrieving information from a database. Westerman, Davies, Glendon, Stammers, and Matthews (1995) examined age differences in accuracy and latency for a computer-based search task as a function of spatial ability, spatial memory, and vocabulary abilities. The results indicated that older participants were slower than the younger participants in retrieving information and that participants with low spatial ability took longer.
Enhancing the ability of older people to successfully perform these types of tasks requires understanding the basic cognitive skills that are required to display competent behavior and how age-related changes in these abilities influence performance. This type of knowledge will help researchers design interventions such as interface aiding and training to help facilitate the performance of older people. For example, if memory is an important predictor of performance, then prompts or on-screen messages might be beneficial to older people. Knowledge of these relationships will also further researchers' understanding of how everyday competence is linked to basic abilities. Currently, little is known about the mapping of specific abilities to everyday tasks (Allaire & Marsiske, 1999) . Development of theories of everyday competence requires understanding the cognitive processes that underlie meaningful behavior and how these relationships are influenced by factors such as experience (Schaie & Willis, 1999) .
The purpose of the present study was to examine age differences in performance of a complex information search and retrieval task by using a task that simulates a real-world task performed by customer service representatives in the health insurance industry. A secondary goal of the study was to examine the link between abilities and task performance and whether the pattern of these ability-performance relationships changes with task experience. Findings from the skill acquisition literature (e.g., Ackerman, 1988; Fleishman, 1972) suggest that ability-performance relationships change as a function of practice. Finally, we also gathered information on the extent to which the relationship between basic abilities and performance is moderated by domain-specific knowledge (e.g., familiarity with computer systems).
Method

Sample
A total of 117 participants, including 41 men and 76 women ranging in age from 20-75 years, completed the study. The mean age of the sample was 49.26 years (SD = 17.83). Participants were recruited in three age groups: younger (20-39 years), middle-aged (40-59 years), and older (60-75 years). There were 41 participants (20 men and 21 women) in the younger group (M = 28.81 years, SD = 6.03), 31 participants (10 men and 21 women) in the middle-aged group (M = 48.35 years, SD = 5.54), and 45 participants (11 men and 34 women) in the older group (M = 68.51 years, SD = 3.78).
The participants were recruited through advertisement from the local community and were paid $125 in the study if they completed the entire protocol. Fifty-two younger participants were recruited, of which 2 participants were disqualified because of cognitive impairments, 4 voluntarily terminated their participation during training, and 5 failed to meet the training criteria. Forty-three middle-aged participants were recruited, of which 2 participants voluntarily terminated their participation during the administration of the cognitive battery, 6 voluntarily terminated their participation during training, and 4 failed to meet the training criteria. Of the 66 older participants, 1 participant voluntarily terminated her participation during the administration of the cognitive battery, 11 voluntarily terminated their participation during training, and 9 failed to meet the training criteria.
The sample was ethnically diverse: 23 of the participants were African American, 18 were Hispanic, 66 were White Americans, and 7 were Black Caribbeans, with the remaining participants representing other ethnic categories. The participants were required to have at least a high school education, familiarity using a keyboard (able to type a five-line paragraph), and 20/40 near and far vision (with or without correction). Near visual acuity was tested using the Rosenbaum-Yaeger chart (Berson, 1993) , and far visual acuity was tested using the Snellen chart (Berson, 1993) . To ensure that the participants were able to read characters on the computer screen, they were also screened on their ability to identify upper-and lowercase characters and special characters that appeared on the screen in random locations.
Participants were screened for cognitive impairment and psychological distress and were excluded if they obtained a score below 25 on the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) or a T score over 70 on the Global Severity Index for nonpatient adults on the Symptom Checklist-90-R (Derogatis, 1977) , respectively. Finally they were screened for their occupational background and excluded if they were currently or previously employed in the role of a customer service representative.
There were no differences among the three age groups in level of education (high school, some college, college graduate), ^(4, N = 117) = 3.40,p > .05. Eighty percent of the younger participants had some college education or were college graduates as compared with 77% of the middle-aged participants and 82% of the older participants. Potential differences among the participants in prior computer experience were assessed with the use of a computer experience questionnaire. Participants indicated whether they had ever used a computer; if they had, they indicated the duration of this experience, the frequency of computer use, and the breadth of their computer-related experience and knowledge. The scores on this questionnaire were grouped into four categories: no prior experience, very little experience (i.e., very limited knowledge and infrequent use), some experience (i.e., knowledge of a few applications and occasional use), and considerable experience (i.e., broad knowledge and frequent, regular use). There was a strong trend toward a significant difference among the age groups in computer experience, x*(6, N = 117) = 11.58, p = .07. Forty-two percent of the older participants had no prior computer experience as compared with 22% of the younger participants and 19% of the middle-aged participants.
Participants were also asked to complete a questionnaire assessing their knowledge of health insurance. The items consisted of yes-no questions (e.g., "Have you ever submitted a health insurance claim?") and one question in which the participants were asked to check off all familiar terms (e.g., HMO [health maintenance organization], deductible). The scores on this questionnaire ranged from 0 to 16 and were categorized into low-, moderate-, and high-knowledge categories. These categories were derived by dividing the sample, on the basis of their scores, into approximately three equal groups. Age differences in health insurance knowledge were found, ^(4, N = 109) = 13.83, p < .01. Forty-nine percent of the younger participants had scores in the low category, and 10% had scores in the high category. In contrast, 26% of the older participants had scores in the high category, whereas only 12% of these participants had scores in the low category.
Materials, Setting, and Equipment
A cognitive battery consisting of 14 tests was administered to each participant (see Table 1 ). The tests were chosen to identify the following abilities: processing speed, visuomotor skills, language and verbal fluency, abstraction, attention, working memory, and long-term storage. Multiple markers existed for some of the abilities in order to assess different aspects of that ability (e.g., verbal and visual long-term storage). For the Trail Making Test, Form A was used as a measure of visuomotor skills and the difference, Form B -Form A, was used as a measure of verbal skill (Lezak, 1995) . The Digits Span Forward Test was used as a measure of attention as it assesses "freedom from distractibility," which is related to the efficiency of attention (Lezak, 1995) . The relationships among the individual ability measures and age are presented in Appendix A. (Delis, Kramer, Kaplan, & Ober, 1987) Long-term storage Digit Symbol Substitution (Wechsler, 1981 ) Visuomotor
Grooved Pegboard Test (Tiffin, 1968) Manual dexterity
Figural Visual Scanning and Discrimination Processing speed (Ekstrom, French, Harman, & Dermen, 1976 ) Stemberg Short-Term Memory Search Task Processing speed (Sternberg, 1975) Two Choice Visual Reaction Time Task (Wilkie, Processing speed Eisdorfer, Morgan, Loewenstein, & Szapocnik, 1990) Presented orally; participants have to define 35 words. Words are presented until 5 consecutive failures. Presented orally; participants have to say as many words they can think of that begin with the letters C, F, or L. Paper and pencil administration. In Part A, the participant must draw lines to connect consecutively numbered circles. In Part B, the participant must draw lines to connect alternating numbered and lettered circles. Consists of two parts. In the first part, pairs of random-number sequences are read aloud, and the participant's task is to repeat each sequence. In the second part, participants are presented with a series of digits and asked to recall them in reverse order. Presented visually. The participants are presented with designs, and following each exposure they are asked to draw what they remember of the original design. For the delayed trail they must draw what they remember after a 30-min delay. Presented orally. Participants are presented with a list of words and asked to recall as many words as they remember. This is repeated for five trials. For the delayed trial participants are asked to recall a list after a 20-min delay. The participant is presented with a series of rows that pairs digits (1-9) with a nonsense symbol and is then required to fill in symbols below a row of digits. Following standard instructions the participant places pegs into holes on a board, first with the preferred hand, then the other hand, then both hands. Paper and pencil test. The participant is required to scan five figures to identify the one figure that matches a prototype. A memory set, ranging in size from one to four digits, is presented followed by a probe digit. The task is to determine if the probe was in the original set. The slope of the reaction time function is used as an index of processing speed. There are a total of 96 trials with 24 trials for each set size. This task is performed on a computer. Participants are required to respond to a stimulus, which appears on the screen (solid square), with their right or left hand depending on the location of the stimulus. There are a total of 60 trials.
Note. WAIS-R = Wechsler Adult Intelligence Scale-Revised.
The task was performed on an Intel 486 personal computer with 4 MB RAM running DOS 6.0 in a laboratory designed to represent an office environment. To derive the performance measures, software was developed that captured a time-stamped record of each keystroke made by each participant.
Task Description
The task performed by each of the participants was a simulation of a job performed by service representatives of a large health insurance company. This job involves responding to calls from members, providing answers to questions the members have concerning their health insurance, and documenting the queries and their resolution. For example, members may contact a service representative to determine whether their insurance plan covers services such as speech therapy or to change their dependent's primary care physician. To respond to such requests the representatives must have an understanding of both the content and organization of the available information databases, and they must be able to find, retrieve, and in some cases integrate the required information.
Development of the task simulation required working in collaboration with the insurance company to identify examples of typical queries and issues presented to representatives and to develop the information databases and the computer interface. The information databases consisted of two components: a hard-copy manual of reference materials and a computer information system consisting of various information files.
The reference manual was subdivided into a number of sections. The first section was entitled "Benefits." This section provided the participant with information regarding the distinctions between the two primary types of plans the insurance company offered (the HMO plan and the Plus plan) and the benefits associated with each of these plans. These benefits were specified for a variety of different services such as provider services (e.g., office visits, physical therapy), outpatient hospital services (e.g., emergency room), or inpatient hospital services (e.g., newborn care). This section of the manual also listed distinctions between the two plans as well as services not covered in each of the plans.
The manual also contained a glossary of insurance terms (such as coinsurance, copayment, deductible) and sections pertaining to listings of service codes and reason codes. These codes corresponded to services for which claims were being requested and reasons for why claims were denied (e.g., "this service not covered in your plan"). Another important reference section consisted of case announcement briefs. These briefs contained information related to the specific contracts that the employers of members negotiated with the insurance company. In these briefs one might find information related to vision or prescription benefits that differ from the standard benefits package.
The second major component of the information database consisted of a computer information system used to search, retrieve, and document information in response to queries. There were four files within this information system. These files were linked to specific types of requests and listed in a main menu. The files were designated as follows: CONELF, CLAIMS, MSPMDS, and PRISM. The CONELF file enabled access to information on member benefits and provider information. By entering the subscriber's social security number, a family member screen was displayed that provided a listing of that subscriber and family members included on the plan. This screen also contained general administrative information and benefits such as the type of plan and the contract number (the latter would be needed to refer to the case announcement brief). From this family member screen, individual members could be selected. This would lead to additional screens that provide information associated with the selected member.
The CLAIMS file system provided information regarding member claims. Entering a member's social security number resulted in the display of a screen listing the corresponding subscriber and all family members covered under the plan, each identified by a number. Entering one of these numbers displayed a screen that listed the services provided to the selected member. Information contained in this screen included the claim number, the service code (which identifies the service provided), and the service dates. For example, if a query concerned a claim for a prosthetic device, the service representative would first locate the service code in the reference manual that is associated with prosthetic devices and then identify the appropriate claim from the screen listing. Executing an inquiry command for any of these services resulted in a screen that displayed more detailed information on the service selected. Such information might include service dates, provider number, or claim status.
As noted, the service representative must document every query (all requests for information are referred to as queries). Selecting the MSPMDS file from the main menu accessed the documentation system used to perform this function. This file consisted of a series of boxes related to categories of information pertaining to the member's queries, and the representative was instructed to check off all categories that apply. For example, checking either of the categories "Claim/Check Inquiry" or "Deductible" indicated that one or more of the member's queries applied to that subject matter. The participant also needed to distinguish between queries that would or would not require further action by responding either yes or no in a box corresponding to this information. Finally, a separate field was reserved for responses the user gives to a member's queries. For example, if a member wanted to know the status of a claim, the user would enter the claim number and amount paid out by the plan.
The PRISM file was used to perform various maintenance services for a member. With it, the user could perform functions such as changing a member's address or ordering new identification cards for subscribers.
Procedure
Subjects participated on an individual basis, for 5 consecutive days, for approximately 5 hr per day. On Day 1, the participants were screened on the inclusion-exclusion criteria and completed the Computer Experience Questionnaire and the Insurance Background Questionnaire. They then completed the cognitive battery.
On Day 2, the participants were given a brief introduction to computers followed by training and practice on the task. Training was guided by a written manuscript to help ensure uniformity in training. Initially the participants were introduced to the responsibilities of a customer service representative. The protocol then focused on concepts and terms related to the task. The participants were also introduced to the hard-copy reference manual. Once participants demonstrated knowledge of this material, they were introduced to the computer information system. Emphasis was given to the role of the computer in performing the job and to the four file systems within the system. Training on both the printed manual and the computer information system was example driven. Finally, the participants were introduced to using the phone.
At various points throughout training, the participants were asked to answer questions related to the materials introduced. If they were unable to answer these questions, the concepts were reviewed and the questions were repeated. If they were unable to answer the questions after three attempts, they were paid $50 for their efforts and their participation was terminated. As noted, 18 participants failed to meet the training criteria. This procedure was adopted to ensure that all participants had a fundamental understanding of the task and a basic level of competence in using the printed manual and the computer information system. Training took approximately 4 hr.
Following training, the participants were given a half-hour rest break. They were then given 1 hr of practice on the task. The experimenter provided assistance with any questions. On Days 3 through 5, the participants performed the task on their own for approximately 3 hr each day.
Results
Cognitive Abilities
On the basis of previous findings (e.g., Czaja & Sharit, 1998a) , a three-factor model was posited to underlie the 14 observed variables of cognitive ability. LISREL 8 (Joreskog & Sorbom, 1993) was used to examine the fit of this proposed model. Maximum-likelihood estimation was used to estimate factor loadings and factor correlations, and modification indices were examined to suggest areas where .the model might be improved.
The three-factor model found to provide adequate fit to the observed data is presented in Figure 1 . The three latent variables, or factors, were termed Processing Speed (Factor 1), Memory (Factor 2), and Verbal Speed/Verbal Fluency (Factor 3). Initially, all variables that involved timed performance were allowed to load on Factor 1. Both immediate and delayed trials of the memory tests were allowed to load on Factor 2, and tests of verbal knowledge and digit span were allowed to load on Factor 3. To control for the use of a common method, correlated residuals were estimated for immediate and delayed trials for the California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1987) and for the Visual Reproduction Immediate and Delayed Recall subtests of the Wechsler Memory Scale (Wechsler, 1974) . Although the results indicated a reasonably good fit, ^(72, N = 117) = 127.05, p < .0001, goodness-of-fit index (GFI) = .85, adjusted goodness-of-fit index (AGFI) = .79, root mean square error of approximation (RMSEA) = .08, modification indices suggested that three of the variables loading on Processing Speed were also indicators of verbal skill. In addition, a correlated residual was suggested between the choice reaction time and the Sternberg Short-Term Memory Search Task (Sternberg, 1975) . Adding these paths substantially improved the fit of the model, ^(68, N = 117) = 81.82, p = .12, GFI = .91, AGFI = .86, RMSEA = .04. The abilities comprising the three factors and their corresponding loadings on these variables in the final model are depicted in Figure 1 . As shown in Figure 1 , Factor 3 represents a mix of measures related to verbal fluency and verbal processing speed. Factor scores were derived for these three factors by using the regression equation approach. These factor scores were used in subsequent analyses (Harman, 1976) .
The means and standard deviations on the ability tests and the three factors as a function of age group are presented in Table 2 . A series of one-way analyses of variance (ANOVAs) was used to examine age group differences on these variables. Post hoc comparisons were performed using Scheffe's test (a = .05). With respect to the factors, age group differences were found for Factor 1 (Processing Speed) and Factor 2 (Memory). The younger group had significantly faster processing speed than the middleaged and older groups. The younger group also scored higher on the Memory factor than did the older group. Note that there were no age differences for Factor 3 (Verbal Speed/Verbal Fluency). Examination of Appendix A indicates that of the six abilities loading on Factor 3, four were positively related to age (three of these were significant) and two were negatively related to age (with one of these being significant). Of these six measures there were systematic age differences on the Controlled Word Association Test (COWA; Benton & Hamsher, 1989) , Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981) Vocabulary, and Digit Symbol (Wechsler, 1981) . The lack of age-group differences on Factor 3 may be related to the mix of positive and negative relationships between the measures that load on this factor. In particular, age was significantly positively related to the COWA Test and Vocabulary and significantly negatively related to Digit Symbol.
Task Performance Measures
Seven measures of task performance were evaluated. Five of the measures corresponded to work output, whereas the other two measures reflected performance quality. The two primary measures of work output were the number of inquiries correctly navigated and the number of inquiries correctly completed. Correct navigation implies that the participant was able to arrive at the correct display screen within the correct file in response to a query. Correctly completing a query implies that the query was correctly documented or, in cases where actions were required (e.g., ordering a new card), the query was acted on correctly. The total times taken to respond to the member inquiry forms varied slightly among the participants. To control for these differences, these measures were computed as the number of queries correctly navigated per hour and the number of queries correctly completed per hour. To control for potential effects of response speed, we also analyzed these two measures of work output as a function of the number of inquiries attempted (i.e., the percentage of inquiries attempted that were navigated and completed correctly). These two measures are referred to as conditionalized navigation and conditionalized completion. As a basis for examining these measures, we also analyzed the number of inquiries attempted.
The two measures of performance quality consisted of navigational efficiency and quality of documentation. Both of these measures pertained only to those queries that were responded to correctly. Navigational efficiency related to the computer-based information-seeking process. For each inquiry, there existed some minimal number of screens that needed to be accessed to provide a correct response. Navigational efficiency was defined as the ratio of the minimal number of screens needed to respond to an inquiry to the actual number of screens the participant navigated to obtain this information. The measure of navigational efficiency was the average of these ratios across all inquiries on a given day of the task. The measure of quality of documentation was based on a score derived from the information the participant provided in the documentation process. This score was based on the degree of completeness and accuracy of the categories required for documentation. For each inquiry, one, two, or three pieces of information needed to be documented. One point was given for each correctly documented piece of information. For example, for a claim, the participant needed to document the claim number, date, and amount. If the participant correctly provided all three of these pieces of information, he or she would receive three points for this inquiry. Documentation quality was defined as the ratio of the documentation score to the maximum documentation score. The measure of quality of documentation was the average of these ratios across all inquiries on a given day.
Age Differences in Performance
We used an Age Group X Days (3 X 3) multivariate approach to repeated measures ANOVA to analyze the impact of age group and task experience on each measure of performance. For the two factors involving within-subjects effects, namely days and the Age Group X Days interaction, we used Wills's lambda criterion for tests of significance. Prior computer experience was included as a covariate in the analysis of each of the performance measures, as there were significant relationships between this variable and these measures. Health insurance knowledge was not related to any of the performance measures (p > .05) and therefore was not included in the analyses. Further analyses of significant betweensubjects effects were performed using Scheffe's test for multiple comparisons. For the analysis of within-subjects comparisons (i.e., differences across days both within and across age groups), we used the Bonferroni t statistic. This approach to post hoc analysis is recommended by Maxwell and Delaney (1989) for mixed model repeated measures designs. Means and standard deviations for the measures are presented in Table 3 .
Measures of work output. For number of inquiries correctly navigated, significant effects were found for age group, F(2, 113) = \\.\5, p< .01, and days, F(2, 112) = 41.28, p< .01. For all three age groups, the number of correct navigations increased significantly across days (p < .01), and both the younger and middle-aged participants correctly navigated more inquiries per hour than the older participants (p < .01; see Table 3 ). A similar pattern of results was found for the number of inquiries correctly completed (see Table 3 ), with significant effects found for both age group, F(2, 113) = 15.03, p < .01, and days, F(2, 112) = 16.71, p < .01. Both the younger and middle-aged participants correctly completed more inquiries per hour than the older participants (p < .01). Performance also improved across all 3 days (p < .01).
The findings regarding age differences in work output were somewhat predictable given that older adults are typically slower than younger adults. To determine whether there were age differences on these measures after controlling for speed (see Table 3 ), the conditionalized measures were analyzed. However, prior to analysis of these measures, an analysis was performed to determine whether there were age differences in the number of inquiries attempted. The results indicated that there were significant effects of days, F(2, 110) = 39.86, p < .01, and age group, F(2, 111) = 12.45, p < .01, for number of inquiries attempted. The number of inquiries attempted increased across each of the 3 days for all age groups (p < .01), and both the younger and middleaged participants attempted more inquiries than the older participants (p < .01). For conditionalized navigation, a significant effect of days was found, F(2, 110) = 8.80, p < .01. There were significant increases in this measure from Day 3 to Day 4 (p < .01) and from Day 3 to Day 5 (p < .01), but not between Days 4 and 5. Analysis of conditionalized completion indicated a significant effect for age group, F(2, 112) = 4.46, p < .05, and a trend toward a significant effect for days (p = .058). Further analysis of the effect of days revealed that a greater percentage of the inquiries attempted were correctly completed on Day 5 as compared with Day 4 (p < .05). Both the younger (p < .01) and the middle-aged participants (p < .05) correctly completed more inquiries per attempt than the older participants.
Measures of work quality. Navigational efficiency represents a process measure that relates to the quality of interaction with the computer system, rather than the quality of a response to an inquiry. There were no significant age-group differences in navigational efficiency. The only significant effect found for this measure was days, F(2, 112) = 13.36, p < .01. Significant differences occurred between Days 3 and 5 and Days 4 and 5 (p < .01) and between Days 3 and 4 (p < .05). It is worthwhile noting that in the absence of the covariate a significant effect for age group was observed, F(2, 114) = 3.84, p < .05. This implies that navigational efficiency was largely mediated by computer experience and not by age.
A significant effect was found for age group, F(2, 113) = 4.74, p < .05, for quality of documentation. There was also a strong trend toward a significant Age Group X Days interaction, F(4, 224) = 2.30, p = .06. On both Days 3 and 4, the younger (p < .01) and the middle-aged participants (p < .05) achieved higher scores of documentation quality than the older participants; there were no significant differences, however, between the younger and middleaged participants. On Day 5, significant differences in performance existed only between the younger and older participants (p < .05). The results also indicated that over time the gap in performance between the older age group and the other two age groups decreased (see Table 3 ). There were no significant differences in documentation quality across days for the younger group, and there was a significant increase in documentation quality between Days 3 and 4 for the middle-aged group (p < .05). In contrast, a significant improvement in documentation quality between Days 4 and 5 was found for the older group of participants (p < .01).
Ability-Performance Relationships
An autoregressive path-modeling approach was used to examine the relationship between abilities and performance across the 3 days (Rogers, Fisk, & Hertzog, 1994) . This approach is particularly useful for modeling changes in ability-performance relationships because it structures change in terms of residual variance not predicted by the autoregression of the criterion variable on itself at a previous time point.
Using a factor autoregressive model is also useful in that it allows decomposition of covariances among ability measures and outcome measures into direct and indirect effects. The initial model specifies that the only effect ability measures have on performance beyond initial performance is indirect by means of the autoregression of the subsequent days of performance on earlier days of performance. The presence of independent paths in the model from an ability measure to criterion performance on a later day can be assessed by examining the matrix of residual covariances and tested by calculating the model both with and without the hypothesized parameter. Significant paths imply that the ability has an effect on a given day's performance independent of its effect on the earlier day's performance.
Models were estimated with AMOS (Arbuckle, 1997) by using maximum-likelihood estimation of model parameters. Statistical hypotheses for alternative models can be evaluated by testing the difference between chi-square goodness-of-fit statistics for related models. If regression models are nested, the significance of differences between models can be tested as the difference in chisquare values for the two models of interest. We also evaluated the significance of model parameters by their standard errors. This value is roughly equivalent to a z value whose significance can be tested by consulting tables of significance of this distribution.
Prior to the path modeling, regression analyses were conducted for each of the performance measures to examine whether the relationships between ability and performance varied as a function of age. For baseline performance (Day 3), a hierarchical regression model was used, with prior computer experience serving as a control variable. The factor scores associated with each of the three factors (Processing Speed, Memory, and Verbal Speed/Verbal Fluency) were then entered, in that order. The selected order for the ability factors was based on the suggestion (Salthouse, 1996) that speed of information processing is related to age differences in other components of cognition. Age was then entered into the model followed by the interaction terms (e.g., Age X Factor 1). For Days 4 and 5, a similar regression analysis approach was used. However, in these analyses previous days' performance was inserted into the model as an additional control variable before computer experience, the ability factors, age, and the Age X Factor interactions. A total of 36 interaction effects were examined, and separate models were computed for each of the interaction terms. The data revealed that none of the interactions was significant (p > .05); thus, the interactions were not included in the path models.
In addition, hierarchical regression analyses were performed for each of the 3 days to determine the extent to which age explained variance in performance above that accounted for by computer experience and the factor scores. On Day 4, performance on Day 3 was included as an additional predictor prior to entering age into the model, and on Day 5, performances on both Days 3 and 4 were included. The analysis involved using age as the only predictor of the performance measure in order to determine the percentage of variance accounted for by age alone. The shared variance was then determined by subtracting the unique age-related variance (i.e., the increment in variance after taking into account all the other variables in the model) from this total age-related variance, and dividing this result by the total age variance. A high percentage of shared variance indicates that there is little evidence for specific age-related influences on performance beyond the age-related influence on abilities (Salthouse, 1996) .
For the number of inquiries navigated correctly, the percentages of shared variance across the 3 days were 88.86%, 97.45%, and 95.07%. For the number of inquiries correctly completed, these values were 85.98%, 100%, and 97.66%. For navigational efficiency and level of documentation, the percentages of shared variance across the 3 days were 92.68%, 97.83%, and 100%, and 84.31%, 97.44%, and 88.14%, respectively. On Day 3, the only measure for which the unique age-related variance was not significant (p > .05) was navigational efficiency. With the exception of level of documentation on Day 5, age was not a significant predictor of performance after taking into account the other variables in the model.
Following the regression analyses, autoregressive models were developed for each outcome measure. Prior computer experience, the three ability factors, and age were initially hypothesized to predict performance on Day 3 only. The matrix of residual covariances was then examined and possible additional paths were created and tested. The autoregressive coefficients were freely estimated. The final models (see Figure 2 ) represent the initial model and any additional paths that significantly improved model fit. Path coefficients significantly greater than zero are indicated with an asterisk.
The model for number of inquiries correctly navigated revealed significant effects for prior computer experience, processing speed, memory, verbal skill, and age for initial performance (Figure 2a) . Performance on Days 4 and 5 was predicted by performance on the prior day. The fit of this model was x^OO, N = 117) = 13.75, p = .18, with AGFI = .901 and comparative fit index (CFI) = .993.
Prior computer experience, processing speed, memory, verbal skill, and age predicted initial performance for number of inquiries correctly completed (Figure 2b ). Performance on Days 4 and 5 was predicted only by the performance on the previous day. The fit of this model was ^(11, N= 117) = 11.41,p = .41, with AGFI = .923 and an overall CFI = .999.
The results for navigational efficiency are presented in Figure  2c . Examination of the residual variance-covariance matrix indicated a significant relationship between Day 3 and Day 5. We therefore created a second-order autoregression model for this outcome measure. As shown, prior computer experience and verbal skill predicted initial performance. Memory and performance on Day 3 predicted performance on Day 4, and performance on Days 3 and 4 predicted performance on Day 5. The fit of this model was x*(9, N = 117) = 3.22, p = .95, with GFI = .973 and an overall CFI = 1.00.
With respect to quality of documentation, the analyses revealed significant effects for prior computer experience, verbal skill, and age for Day 3. Performance on Days 4 and 5 was predicted by performance on the prior day. In addition, age predicted performance on Day 5 (Figure 2d ). The fit of this model was ^(10, N = 117) = 9.57, p = .48, with AGFI = .931 and an overall CFI = 1.00.
Form-Based Versus Phone-Based Queries
The majority of member requests for information were presented on printed member inquiry forms. However, given that in the real world most queries occur by phone, the participants also responded to telephone queries generated by the experimenter at four different points in time on each day of task performance. Each participant was presented with the same queries at the same points in time during the task session. Phone-based queries were signaled by a light and sound from a telephone adjacent to the participant's computer screen and were answered using the same databases described earlier. These interactive phone conversations were tape recorded, and the tapes were analyzed and scored for 15 participants randomly selected from each of the age groups in order to validate the use of form-based queries as predictors of phonebased performance. The score for each session ranged from 4 to 42.
A phone-based score was derived by summing the total number of points on each day across the four phone sessions. The time (in seconds) that it took for the participant to complete each phone session was also recorded and summed across all four interactive phone sessions. Correlations were computed between the phonebased score and the two measures of work quality and between phone performance time and the two measures of work quantity for each of the 3 days of task performance. All of the correlations were significant (p < .05), indicating that the form-based inquiries were valid predictors of phone-based performance. For the measure of phone-based time, the correlations ranged between -.68 and -.73. For the phone-based score measure, the correlations ranged between .31 and .68.
Discussion
Age and Task Performance
Information search and retrieval is a fundamental task that increasingly involves the use of technology. Many people search complex electronic databases for information related to health, education, personal interests, or job activities. This study examined the ability of older people to perform this type of activity in a complex, real-world task environment that involved customized databases. Further objectives of the study were to identify component cognitive abilities important to this type of task and examine the influence of task experience on performance.
In contrast to other studies examining information search (e.g., Mead et al., 1997; Westerman et al., 1995) , a unique aspect of this study was that it involved a simulation of a task actually performed in the health insurance industry. Thus, this study provided an opportunity for examining the influence of basic cognitive abilities on the performance of a real-world task. Furthermore, the results provided an opportunity to examine the relationship between domain knowledge (familiarity with computer technology and insurance knowledge) and task performance.
One question of interest was whether age differences hi performance would be found for this type of task. Overall, the data indicated that although performance improved for all participants with task experience, the older people performed at lower levels than the other participants except for navigational efficiency and conditionalized navigation. These findings are consistent with those of other researchers examining this issue (e.g., Mead et al., 1997; Rousseau et al., 1998) and with the general skill acquisition literature (e.g., Fisk, McGee, & Giambra, 1988; Rogers et al., 1994) . However, the data suggested that performance differences among the age groups declined with experience, and performance improvements were greater for the older adults.
Consistent with findings for a simulated data entry task (Czaja & Sharit, 1998b) , the older participants generated less work output than the younger and middle-aged participants. Although the Age X Day interactions were not significant, examination of the means (see Table 3 ) that were not adjusted for the covariate (prior computer experience) suggested differential rates of improvement in work output as a function of age. Specifically, across the 3 days of performance, the rate of improvement for the number of inquiries correctly navigated was 74% for the older adults as compared with 44% for the middle-aged participants and 7% for the younger participants. For the number of inquiries correctly completed, the rates of improvement were 23% for the young adults, 46% for the middle-aged adults, and 78% for the older adults. This result suggests that although the younger adults may initially be able to "handle more work," with further experience on the task the differences in performance between the older and younger people may diminish and ultimately become nonsignificant in a practical sense. This pattern of improvement for the older participants relative to the younger participants was not evident in the more psychomotor-dependent computer-based data entry task investigated by Czaja and Sharit (1998b) . Likewise, a study by Salthouse, Hambrick, Lukas, and Dell (1996) that examined age differences in synthetic work as a function of practice also found that large age differences were maintained even after several hours of practice. Salthouse et al. suggested that these findings might be due to fundamental age-related limits in processing speed. In this study, memory and verbal speed and fluency were found to be strong predictors of work output in addition to processing speed. However, it should be noted that age differences in number of inquiries correctly navigated were no longer significant when controlling for number of inquiries attempted. This finding suggests that age differences in navigation are mediated by speed. The implication is that in real-world settings performance of these types of information search tasks under speeded conditions might be particularly detrimental for older workers.
With respect to work quality the findings were mixed. Although the data suggested that the younger participants navigated through the databases more efficiently than their older counterparts, the differences among the age groups were not significant. In the absence of controlling for prior computer experience a significant age group effect was found, implying that navigational efficiency was mediated primarily by computer experience and not by age.
The development of effective search strategies is critical to successful search performance (Fisher, 1986) . For this task, efficient navigation required that the problem be sufficiently identified to allow adoption of an analytic strategy to direct a path to the target file system and to the screen containing the appropriate information. In this regard, several of the measures that loaded on Factor 3 (Verbal Speed/Verbal Fluency) are potentially important for understanding problem requirements, identifying relevant screen information, and linking the problem requirements with screen content. Given that there were no age differences on this factor, older adults may not be disadvantaged when navigating the system as compared with younger adults.
Although age differences were found for quality of documentation, the data suggested that the older participants may have benefited more than the younger people from task experience. Across the 3 days the difference between the younger and older participants diminished, and only the older participants showed improvement between Days 4 and 5. These findings provide evidence that age differences in performance of this task do not remain constant with task experience and that the potential exists for further performance improvements among older people with further practice. Also, as suggested by Rabbitt (1997) , caution needs to be exercised when drawing conclusions on the basis of averages. For measures of both work quantity and work quality, by the 3rd day of task performance there were a large number of older people who performed at the same level as the younger people and, in fact, better than some younger people (see Figure 3) . This finding underscores the importance of recognizing that there is wide performance variability among older people and that predictions regarding performance should not be based solely on chronological age.
Ability-Performance Relationships
The findings from this study are consistent with the hierarchical theory of cognitive competence outlined by Schaie and Willis (1993) . Overall, the data indicated that there were meaningful patterns of direct and indirect relations between basic abilities and performance. Furthermore, performance was predicted by multiple abilities and processes. Finally, although basic cognitive abilities were found to be important to task performance, domain-specific knowledge such as prior computer experience was also important for the successful performance of the task.
The older people also generated less work than the younger and middle-aged people. The results of the path models for the overall sample indicated that processing speed and memory were important predictors of work output. Thus, it is not surprising that there were age differences in work output given that there were age differences in processing speed and memory. According to the hierarchical theory of competence one should expect age-related declines on everyday tasks that rely on abilities that also decline with age. Although domain knowledge, such as prior computer experience, was an important predictor of performance, the older people were not able to draw on this knowledge to compensate for declines in abilities. The older people in this sample had less experience with computers than did the middle-aged or younger people. The older participants did, however, demonstrate greater knowledge of concepts related to health insurance. However, knowledge of health insurance was not related to performance. This may be because the job requires different types of knowledge than assessed by the questionnaire or that the use of computer technology dramatically changed the skill requirements for the task.
The results for navigational efficiency were also consistent with the hierarchical theory of everyday competence. Processing speed and memory were not predictors of initial navigational efficiency, and there were no age differences for this measure. As noted, there were no age differences in Verbal Speed/Verbal Fluency, which was the only ability found to be related to navigational efficiency on the initial day of performance. It should be noted that the negative relationship between this factor and the measures of performance quality (see Figures 2c and 2d ) is likely to be due to the complex mix of measures that loaded on this factor. Specifically, this was a bipolar factor that included measures that were scored in opposite directions. The resulting factor score thus reflects the inverse relationship among the measures so that the sign of the path coefficient associated with this factor is negative.
Interestingly, the ability-performance relationships did not vary as a function of task experience. Except for navigational efficiency, the ability-performance relationships for performance on later days were accounted for by indirect effects from initial performance. The ability factors were not directly related to performance measures on Days 4 and 5. This finding suggests that for this task individual differences in age, processing speed, memory, and verbal skill are important for initial learning of the task; however, further improvements in performance are largely predicted by practice. Yang (as cited in Rabbitt, 1997 ) also found that information-processing speed, age, and intelligence test scores predicted initial memory recall spans but not subsequent rates of learning. In the case of navigational efficiency memory had additional influences on later stages of performance. This is not surprising given that execution of a search strategy requires recall of strategies that "worked." Our findings are in contrast to other investigators (e.g., Ackerman, 1988; Rogers et al., 1994) who found that ability-performance relationships vary as a function of practice. The discrepancy in findings may be due to differences in the tasks being investigated. Ackerman's (1988) focus has largely been on psychomotor tasks, and Rogers et al. (1994) examined simple visual search. This task was more procedural in nature and required integration of large knowledge bases. The data also indicated that the ability-performance relationships varied as a function of performance parameter. Processing speed and memory were important predictors of work output but not of work quality. This finding is in agreement with the sentiments of Welford (as cited in Rabbitt, 1997) that it is important to decompose tasks to reveal their "key features" (performance indices) and then to test whether individual differences such as age affect some of these indices more than others. Results from these types of analyses have important implications for job selection. For example, if speed of performance is the critical index for a task, the task may not be particularly suited for older people. However, where speed is not a critical factor the age of the individual may take on less importance.
In addition, the results also demonstrated that age effects are largely mediated by contextual factors such as prior computer experience and component abilities. Examination of the zero-order correlations (see Appendix B) between age and performance indicates a fairly strong relationship between age and performance. In comparison, the hierarchical regression models show that after taking into account the effects of computer experience, abilities, and previous performance in the case of Day 4 and Day 5, the influence of age on performance generally diminishes. Finally, the data indicated that the same ability-performance relationships predicted performance for the younger, middle-aged, and older people. None of the age-ability interactions were significant for any of the performance measures. However, this finding should be interpreted with caution given the relatively small number of participants in each age group.
Conclusions
Overall, the results suggest strategies that might be used to improve the performance of older people for these types of tasks. For example, the data indicated that computer skills are important to task performance. This implies that when people with limited computer experience are being trained to perform this type of task, they should first be given basic computer training to ensure that they are comfortable with computer equipment and basic computer concepts and operations. Changes in interface design may also help diminish age-performance differences. The use of graphical "history markers" and tools for better integrating information from different sources are examples of computer-aiding techniques that may decrease the load on working memory and increase speed of performance. Older people may also need extended practice. Generally, competent behavior depends on a match between individual capabilities and environmental demands (Lawton, 1982) . Older adults may perform better if the task demands are reduced and they are able to compensate for limitations in abilities by increased expertise. The issue of age performance differences is not the critical issue. Instead, emphasis should be given to identifying strategies to help ensure that older people are able to perform tasks at a level that constitutes "successful performance." 
